Thin films of Zn have been prepared by pulsed laser deposition by using a KrF excimer laser (248 nm). The laser energy density (E.D.) on the target has been varied in the 1 to 
Introduction
Metallic zinc films are interesting as coatings for protection of steel corrosion, as electrodes in solid dry-cell batteries, and more recently their use has been proposed for the development of nanometer scale photonic devices [1] . Pulsed laser deposition (PLD) is an attractive alternative preparation method. During (PLD) species with high kinetic energy that can exceed 100 eV are ejected from the target. The mean kinetic energy of the species arriving at the substrate can thus be higher than the energy threshold for sputtering of most metals which is in the range 10-25 eV. Therefore self-sputtering (also called resputtering) from the growing film can occur [2] . Nevertheless there are few direct observations of sputtering effects [2, 3, 4, 5] , except for the reports of Krebs and co-workers on sputtering of metals, mainly Fe and Ag [2, 6, 7, 8, 9] . In those reports they show the importance of sputtering on the understanding of the growth kinetics.
The aim of this work is to study the role of self-sputtering during deposition of Zn. To analyze the growth kinetics of Zn, PLD has been performed at different energy densities, and the material distribution and growth velocity of the films have been studied as a function of the laser energy density. It will be shown how with a laser energy density of a few J per cm 2 , the self-sputtering of the Zn species arriving at the substrate is able to significantly modify the distribution of the material in the film and even prevent the film growth. Although sputtering is a general phenomenon addressed in PLD processes, this work shows that the self-sputtering process is specially efficient for the case of Zn due to its unique thermal properties and low cohesive energy.
Therefore it is found that Zn can be considered as an excellent model case for the study of this phenomenon.
Experimental
Thin films of Zn have been produced by pulsed laser deposition using an excimer laser (KrF, λ = 248 nm, τ = 12 ns FWHM, 10 Hz repetition rate). The reflectivity of the film during growth was monitored by using a HeNe laser (632. which is at the bottom center of the image. This is the expected distribution since the standard PLD geometry has been used, i.e. with the substrate in front of the target [10] .
Nevertheless, as the laser E.D. is increased, it is observed that the maximum of the distribution shifts from the center to the right hand side of the image. For E.D. 4.5 ≥ J cm -2 a minimum is observed at the geometrical center of the substrate. Note that for the latter E.D., the maximum thickness reached at the center is only 7.2 nm. From the evolution of the reflectivity measured as a function of the deposition time at the substrate center (not shown) it is observed that this thickness value was reached after 1000 pulses. Although the PLD process continued for another 1500 pulses the film thickness did not increase further, indicating that there was no effective film growth.
The film deposited at 5.3 J cm 2 showed the same behavior, but the final absolute value 5 of the reflectivity was lower that is consistent with a thickness at the center of only 3 nm. 
Discussion
To understand these results it should be realized that according to the used geometry the plasma plume is more intense, i.e. has a larger density of species and the species have a higher kinetic energy, at the position corresponding to the geometrical center of the substrate. The results thus evidence a competition between Zn deposition and selfsputtering of the film by the Zn high kinetic energy species arriving at the surface at this position. The deposition process is dominant for E.D. up to 2.8 J cm -2 , whereas the selfsputtering dominates at higher energy densities, leading first to an effective decrease of the deposition rate, and finally to a 100% percent self-sputtering efficiency, i.e. no net deposition. This leads to the minimum in the material distribution observed in (Fig.1) at the geometrical center of the substrate. The roughness observed in the films can be correlated to this self-sputtering process. According to the SEM images in Fig 7
In order to understand why the self-sputtering is clearly evidenced for Zn at the typical E.D. used for ablation of metals, we have compared the properties of Zn to those of other metals for which the effect is not so strong when deposition is performed in similar conditions [2, 4, 7, 8] . First it is worth pointing out that Zn has a low melting temperature that favors the generation of high kinetic energy species by laser ablation with low E.D. Since sputtering yield is known to increase with the kinetic energy of the incident species, it is expected that self-sputter effects in Zn should be noticeable for lower E.D.. Second, the cohesive energy of the metal is a measure of the strength of the energy binding of the atoms in the film, and it is found that Zn has a low cohesive energy, thus in principle it will be easier to sputter out deposited Zn species. The self sputter yields during PLD have been reported to be 0.55 for Ag and 0.17 for Fe [7] for energy densities in the range 4 to 10 J cm -2 , these values being averaged over all atoms and ions within the plume and include reflection from the impinging species. Other authors have reported a sputtering yield of about 0.5 for Cu [4] . Fig. 4 shows a plot of the reported sputter yield for these metals at similar E.D. [2, 4, 7 and this work] as a function of the the cohesive energy of the metal [14] . The experimental data follows a linear trend that gives support to the fact that the low cohesive energy of the Zn compared to the other metals (up to a factor 3 compared to Fe), is responsible for the high self-sputtering yield occurring in Zn for E.D. above 4.5 J cm -2 that completely inhibits Zn deposition.
Conclusions
It has been shown that self-sputtering is an important issue when preparing films by PLD since this process is able to completely prevent Zn film growth for E.D. 
